Normal and virally transformed mouse (3T3) and human cells were treated with tunicamycin, an inhibitor of lipid-carrier-dependent glycosylation of proteins.
change from an epithelioid to an abnormally elongated shape was observed. Both inhibition of growth and the morphological changes were reversible. A marked decrease in concanavalin A agglutinability was observed in virally transformed cells treated with tunicamycin (0.5 gg/ml), but agglutination by wheat germ agglutinin or soybean agglutinin was unaffected. Analysis of biosynthetically labeled proteins showed that a high-molecular-weight protein, presumed to be related to fibronectin, is markedly reduced in the medium of cells cultured in the presence of tunicamycin. These results suggest that tunicamycin interferes with the insertion or function of one or more cell-surface glycoproteins. Su~,h cell-surface changes could affect a number of cellular properties, including attachment, cell shape, and agglutinabilityby some lectins. Many aspects of the social behavior of cells are influenced by the composition, arrangement, and interaction of cell-surface macromolecules (1) . Thus, alterations in plasma membrane composition and structure in malignant and transformed cells, compared with normal cells, appear to contribute to differences in such characteristics as cell adhesion, contact inhibition of movement, and tumorogenicity (2) . Cell-surface glycoproteins, in particular, participate in a number of membrane-modulated phenomena, including responsiveness to hormones, agglutination by lectins, and recognition by antibodies (3, 4) ; these properties are frequently altered following transformation (5, 6) .
Extensive studies have been made of cell-surface glycoproteins and of the alterations that occur after transformation (5, 6) , but little is known about the function of the carbohydrate moieties in these proteins or of the significance of transformation-associated changes in their structure (7-9). A prominent finding in transformed cells has been the absence or marked reduction of a high-molecular-weight cell-surface glycoprotein variously known as LETS protein, fibroblast surface antigen, or fibronectin (6) .
We have examined the influence of tunicamycin, an antibiotic that inhibits protein glycosylation (10) (11) (12) , on the behavior of normal and virally transformed cells in culture. Tunicamycin blocks the transfer of GlcNAc from UDP-GIcNAc to a polyisoprenyl lipid carrier (13) (14) (15) . Consequently, synthesis and transfer of the core oligosaccharide to asparaginyl side
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When 3T3 cells were exposed to tunicamycin for a longer period (2-4 days), they underwent striking changes from an epithelioid to an elongated and spindle-shaped morphology (Fig. 3) . This alteration in morphology was accompanied by decreased adhesiveness to the surface of the plate, although the 3T3 cells did not detach. These changes were slowly reversed by removal of tunicamycin (Fig. 3d) ; the morphological reversioh was accompanied by a resumption in growth (Fig. 1) (Fig. 4) . The binding was specific, because it was inhibited by methyl a-D-mannopyranoside (0.01 M) and by Con A (50' g/ml).
Thus, the differences in Con A agglutinability of tunicamy- (Fig. 1) and cytotoxicity of transformed cells (Figs. 1 and 2) ; (ii) reduced adhesion to a substratum, and, in normal 3T3 cells after extended exposure, profound morphological changes (Fig. 3) ; (iii) reduced agglutination of transformed cells by Con A (Table 1) ; and (iv) a reduction in the secretion of several proteins, including a high-molecular-weight glycoprotein, probably related to fibronectin (Fig. 5) . Many of these effects can be attributed to the inhibition of synthesis and secretion, or the failure of insertion, of functionally normal fibronectin and other glycoproteins in the cell surface.
Tunicamycin has been shown to inhibit the synthesis of Nacetylglucosaminylpyrophosphorylpolyisoprenol (15) , and thus the further synthesis and transfer of oligosaccharides that are initiated by a chitobiose unit, to asparaginyl side chains in glycoproteins (27) . It is currently thought that addition of sugars to the N-acetylglucosamine-lipid carrier is not affected by tunicamycin (13, 15) . In yeast, synthesis of oligosaccharide chains linked to seryl or threonyl residues also appears to involve a lipid carrier (27) , but an effect of tunicamycin on the process has not been established.
The fate of glycoproteins synthesized in the presence of tunicamycin may vary. Some, such as procollagen, may be secreted in an underglycosylated form (12) . In the case of others, such as fibronectin, secretion, and possibly also synthesis, may be hampered by lack of the oligosaccharide chains (12) . Alternatively, fibronectin synthesized and secreted in the presence of tunicamycin may be unstable and highly susceptible to proteolytic degradation. We have recently found that lacto- peroxidase-catalyzed iodination of cell-surface fibronectin on 3T3 cells is markedly reduced by tunicamycin. * A number of recent findings implicate membrane glycoproteins in general, and fibronectin more specifically, in maintenance of normal cell-surface functions. Reduced adhesiveness and contact inhibition of movement, as well as morphological changes, were observed in mutant 3T3 cells that lacked the ability to synthesize N-acetylglucosamine (28, 29) . Some of these mutant 3T3 cells, selected for reduced adhesiveness, have been shown to have reduced levels of a number of cell-surface proteins, including fibronectin (29) . Altered cyclic AMP levels, which are also known to affect adhesiveness of cells (30) , do not appear to be responsible for the reduced adhesiveness of these cells (28) . Cell extracts containing fibronectin, added to cultures of such mutant 3T3 cells or to virally transformed cells, which in general possess low levels of surface fibronectin (5, 6) , partially restored adhesiveness, contact inhibition of movement, and normal morphology to these cells (31) . Finally, baby hamster kidney (BHK) fibroblasts (32) and Chinese hamster ovary (CHO) cells (33) , which are resistant to the cytotoxic effects of ricin and WGA, respectively, showed morphological changes and reduced adhesiveness in comparison with the parent cell lines. A number of different defects in oligosaccharide synthesis have been identified in different clones of these cells (32, 33) and several of the ricin-resistant fibroblast clones have been shown to be deficient in cell-surface fibronectin (32) .
We suggest that the reduced adhesion to a substratum and the morphological changes caused by tunicamycin result, in part, from reduced synthesis and secretion or secretion of a carbohydrate-poor, functionally defective fibronectin. The greater sensitivity of virally transformed cells to the drug may be due to the marked preexisting deficiency of cell-surface fibronectin in transformed cells (34, 35) . However, the differential cytotoxicity observed with transformed cells in the presence of higher concentrations of tunicamycin (Fig. 2) is probably not the consequence solely of detachment, because the growth of many SV40-transformed 3T3 cells was shown to be anchorage independent (36) . Similarly, this effect cannot be explained by the partial inhibition of protein synthesis caused by tunicamycin (Table 1 , see Results). The use of tunia i as an antitumor agent in the investigation of the neoplastic process therefore deserves further study, although its broad effects on normal cells probably preclude its clinical application.
The marked reduction in Con A agglutinability of transformed cells caused by tunicamycin may also be due to inhibition of synthesis of carbohydrate side chains in specific Con A-binding proteins. However, the basis for the modulation of lectin agglutination of cells is clearly complex. The agglutination of 3T3 cells, which were equally susceptible to inhibition of glycosylation by tunicamycin (Table 1) , was unaffected by the drug (Table 2) . ATP levels, the degree of organization of cortical cytoplasmic microfilaments and microtubules, and other factors regulating membrane fluidity may all contribute to the agglutination of cells by some lectins (37) , and these factors may differ in normal and transformed cells. It is interesting to note that the agglutinability of transformed cells by WGA and SBA was unaffected by tunicamycin (Table 2 ). There is some evidence to indicate that agglutination of cells by these lectins is less dependent on ATP levels or on the degree of membrane fluidity than is agglutination by Con A (38) .
In preliminary experiments, tunicamycin inhibited mitogenesis of lymphocytes by Con A without changing [3H]Con A binding (unpublished observation). The drug may therefore be of considerable use in probing the chemical nature of cell surface receptors and the role of membrane glycoproteins in a wide variety of cell-surface functions.
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